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1
METHOD OF MODIFYING A STEAM
TURBINE

RELATED APPLICATION(S)

This application claims priority under 35 U.S.C. §119 to
French Patent Application No. 1057947 filed in France on
Sep. 30, 2010, the entire content of which is hereby incorpo-
rated by reference in its entirety.

FIELD

The present disclosure relates to a method of modifying a
steam turbine, for example, an impulse steam turbine. The
method according to the disclosure can make it possible to
adapt the turbine to an increase or a decrease in a maximum
thermal power of a steam generator feeding the turbine with
steam.

BACKGROUND INFORMATION

A steam turbine is a rotating device that converts thermal
energy of steam into mechanical energy for driving an elec-
trical generator, a pump, or any other rotary mechanical
receiver. A “mechanical receiver” can be a mechanically
driven device that absorbs power and performs work.

The turbine can include three modules: a high-pressure
module, a medium-pressure module, and at least one low-
pressure module. Steam supplied by a steam generator is first
routed to the high-pressure module and then to the medium-
pressure and low-pressure modules.

The high-pressure module includes a plurality of stages
each provided with a set of fixed blades and a set of moving
blades installed on a rotor. Each stage has two functions,
expanding the steam, which corresponds to converting the
thermal energy of the steam into kinetic energy, and convert-
ing the kinetic energy into mechanical energy by the set of
moving blades.

A turbine can be sized for a maximum thermal power of the
steam generator. It may be required to increase this maximum
thermal power, for example, if it is desired to increase the
electrical power supplied by the electrical generator driven by
the turbine. In this case there is a change from a lower maxi-
mum thermal power to a higher maximum thermal power.
The turbine should, then be adapted to this increased maxi-
mum thermal power.

To do this it is known to modify the active parts of the
turbine to accept a greater steam flow rate. The active parts of
the turbine are the parts allowing the steam to expand, for
example, the sets of fixed blades and the sets of moving blades
attached to the rotor.

This process can be long and costly, as it can involve
changing the rotor with its moving blades and the sets of fixed
blades.

A second method includes anticipating an increase in
maximum thermal power and designing the turbine accord-
ingly, for example, by designing the turbine for the higher
maximum thermal power and providing a device for limiting
the steam flow rate to operate at a lower maximum thermal
power. In a first variant of this second method, it is possible to
operate at the lower maximum thermal power by limiting the
overall steam flow rate by steam inlet valves. In a second
variant of this method, it is possible to operate at the lower
maximum thermal power by reducing the steam flow rate
through one sector of the first set of fixed blades of the
high-pressure module.
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This second method can reduce the efficiency of the tur-
bine.

SUMMARY

A method of modifying a steam turbine is disclosed, to
enable the turbine to be adapted to change from a first (speci-
fied) maximum thermal power of a steam generator that gen-
erates steam to a second (specified) maximum thermal power
of the steam generator different than the first maximum ther-
mal power, the turbine having a high-pressure module com-
prising at least one set of fixed blades and a rotor supporting
at least one set of moving blades, the method including
replacing in the high-pressure module, at least one first set of
fixed blades sized for the first maximum thermal power by at
least one second set of fixed blades sized for the second
maximum thermal power; and sizing the at least one set of
moving blades to operate at the first and second maximum
thermal powers, the rotor and the at least one set of moving
blades of the high-pressure module remain unchanged on
changing from the first maximum thermal power to the sec-
ond maximum thermal power.

Interchangeable turbine blades are disclosed for installa-
tion in a steam turbine having a first set of fixed blades
configured for a first maximum thermal power of a high-
pressure module of a steam generator, the interchangeable
turbine blades comprising: a second set of fixed blades, sized
to replace the first set of fixed blades, but configured for a
second maximum thermal power of the steam generator
which is different than the first maximum thermal power;
wherein the second set of fixed blades are sized for operating
in the high-pressure module with a same set of moving blades
on arotor of the high-pressure module as the first set of blades
which they are to replace.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present disclosure
will become more apparent on reading the following descrip-
tion given by way of illustrative and non-limiting example
with reference to the appended drawings, in which:

FIG. 1 is a view in partial longitudinal section of a high-
pressure module and a low-pressure module of a steam tur-
bine subjected to a method according to an exemplary
embodiment of the disclosure;

FIGS. 2A to 2C show different orientations of an exem-
plary set of fixed blades of a turbine; and

FIG. 3 is a partial view of the exemplary turbine from FIG.
1.

DETAILED DESCRIPTION

The disclosure relates to exemplary methods of allowing a
turbine to be adapted to a change from a first maximum
thermal power, for example, a desired specified lower maxi-
mum thermal power of the steam generator, to a second
maximum thermal power, for example, a desired specified
higher maximum thermal power of the steam generator, with
few changes of parts, in a short time period. The method can
preserve a satisfactory efficiency for the two maximum ther-
mal powers. The method according to the disclosure can
make it possible to carry out the adaptation of the turbine
during a normal maintenance period of a power station, which
can be of the order of two weeks.

An exemplary embodiment of the disclosure relates to a
method of modifying a steam turbine, where steam is gener-
ated by a steam generator. The method can enable the turbine
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to be adapted to the change from a first maximum (i.e., first
specified) thermal power of the steam generator to a second
maximum (i.e., second specified) thermal power of the steam
generator. The turbine can include a high-pressure module
including at least one set of fixed blades and a rotor support-
ing at least one set of moving blades.

An exemplary embodiment of the disclosure relates to the
replacement, in the high-pressure module, of at least one set
of fixed blades sized for the first maximum thermal power by
at least one set of fixed blades sized for the second maximum
thermal power. The set or sets of moving blades can be sized
to operate at the first and second maximum thermal powers.
The rotor and the set or sets of moving blades of the high-
pressure module remain unchanged on changing from the
first maximum thermal power to the second maximum ther-
mal power.

The use of sets of moving blades pre-sized to operate at the
two maximum thermal powers can make it possible to avoid
changing the rotor at the same time as preserving a satisfac-
tory efficiency for the two maximum thermal powers. More-
over, replacing at least one set of fixed blades in the high-
pressure module, without changing its height, makes it
possible to adapt the turbine to the increased or decreased
maximum thermal power.

The set or sets of moving blades can be sized to withstand
the mechanical stresses associated with each of the first and
second maximum thermal powers and so that, for each stage
of the high-pressure module, the combination including the
set of moving blades and the set of fixed blades can be adapted
from a thermo-aerodynamic point of view to the first and
second maximum thermal powers.

Each set of fixed blades sized for the second maximum
thermal power, replacing a set of fixed blades sized for the
first maximum thermal power, can be a set of fixed blades
allowing the passage of a flow of steam a) higher than the
replaced set of fixed blades, if the first maximum thermal
power is a lower maximum thermal power and the second
maximum thermal power is a higher maximum thermal
power, or b) lower than the replaced set of fixed blades if the
first maximum thermal power is a higher maximum thermal
power and the second maximum thermal power is a lower
maximum thermal power.

Each set of fixed blades adapted to the second maximum
thermal power, replacing a set of fixed blades sized for the
first maximum thermal power, can include blades oriented
relative to each other so that the steam flow area between two
adjacent blades can be a) greater than the steam flow area
between two adjacent blades of the replaced set of fixed
blades if the first maximum thermal power is a lower maxi-
mum thermal power and the second maximum thermal power
is a higher maximum thermal power or b) less than the steam
flow area between two adjacent blades of the replaced set of
fixed blades if the first maximum thermal power is a higher
maximum thermal power and the second maximum thermal
power is a lower maximum thermal power.

A method according to an exemplary embodiment of the
disclosure includes modifying a turbine including a medium-
pressure module coupled to the high-pressure module, the
medium-pressure module including at least one set of fixed
blades and at least one set of moving blades attached to the
rotor of the high-pressure module. In this case the method can
include limiting the sum of: a) the resultant thrust exerted on
the rotor and generated by the pressure differences between
the inlet and the outlet of each set of moving blades in the
high-pressure module; and b) the resulting thrust exerted on
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the rotor and generated by the pressure differences between
the inlet and the outlet of each set of moving blades in the
medium-pressure module.

Limiting the sum of the resulting thrusts on the rotor can
include injecting steam onto a thrust surface of the rotor
substantially orthogonal to the axis of the rotor. The thrust
surface may delimited by a change of rotor diameter.

The steam turbine can be an impulse turbine. There can be
two categories of steam turbines, often combined in the same
machine. On the one hand, there are impulse turbines in
which expansion occurs mostly (for example at least 85%) in
the sets of fixed blades. The second category of steam turbines
includes reaction turbines, in which expansion is divided
between the sets of fixed and moving blades. The degree of
reaction is defined by the distribution of the expansion
between the sets of blades.

As shown in FIG. 1, a steam turbine 1 according to an
exemplary embodiment of the disclosure, includes a high-
pressure module 2 combined with a medium-pressure module
3, also called a combined high-pressure/medium-pressure
body. The high-pressure module 2 and the medium-pressure
module 3 can also be separate. Steam from a steam generator
passes successively through the high-pressure module 2 and
the medium-pressure module 3. Steam enters the high-pres-
sure module 2 via an inlet pipe 21 of the high-pressure module
2 and leaves it via an outlet pipe 22. The steam is then directed
to the medium-pressure module 3 via an inlet pipe 31 and
leaves the medium-pressure module 3 via an outlet pipe 32.

The high-pressure module 2 includes a plurality of stages.
In the exemplary embodiment shown in FIG. 1, the high-
pressure module 2 includes nine stages E1 to E9. Any number
of stages can be used, however. Each stage includes a set 2A
of fixed blades and a set 2B of moving blades. The sets 2B of
moving blades are installed on a rotor 4 and enable the rotor
4 to be driven in rotation by the kinetic energy of the steam
that has passed through the sets 2A of fixed blades.

Bleed pipes 5 can bleed steam to direct it to a water-heating
station which makes it possible to increase the efficiency of
the installation.

In the same way, the medium-pressure module 3 includes a
plurality of stages each having a set 3A of fixed blades and a
set 3B of moving blades attached to the rotor 4. The medium-
pressure module 3 also includes bleed pipes.

A method according to an exemplary embodiment of the
disclosure makes it possible to adapt the turbine 1 to the
change from a first maximum thermal power of the steam
generator to a second maximum thermal power of the steam
generator, for example, from a lower maximum thermal
power to a higher maximum thermal power or vice-versa.

To this end, a turbine 1 is used in which the sets 2B of
moving blades of the high-pressure module 2 are sized to
operate either at the first maximum thermal power or at the
second maximum thermal power.

The sets 2B of moving blades can thus be sized, to with-
stand equally well, mechanical stresses associated with the
first maximum thermal power and mechanical stresses asso-
ciated with the second maximum thermal power, and so that
in each stage of the high-pressure module the combination of
the set 2B of moving blades and the set 2A of fixed blades is
adapted from a thermo-aerodynamic point of view (for
example, by its profile or its position) to the first maximum
thermal power and the second maximum thermal power.

To adapt the sets of moving blades to the mechanical
stresses linked to the two extreme thermal powers, there are
determined the profile, dimensions, material, structure and
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functional characteristics most suitable for the forces (for
example, centrifugal forces) liable to be applied to these sets
of blades during operation.

To optimize efficiency, the profiles and the sizes of the set
2 A of moving blades can be chosen as a function of those of
the set 2B of fixed blades, their sizes and relative disposition
having to enable optimum operation of the aforementioned
combination whatever the thermal power.

To operate at the two maximum thermal powers, the set 2B
of moving blades and the set 2A of fixed blades can be sized
by controlling in each stage of the turbine 1 the steam
enthalpy drop and the degree of reaction, so that the steam
enthalpy drop and the degree of reaction satisfy the ranges of
adaptation of the sets of blades for the two specified maxi-
mum thermal powers. For example, for each maximum ther-
mal power there can be an optimum value of the steam
enthalpy drop and the degree of reaction, and there can be
taken as a value suited to both powers, a function of the two
optimum values (for example, the mean or other mathemati-
cal function).

A method according to an exemplary embodiment of the
disclosure can include replacing, in the high-pressure module
2, at least one set 2A of fixed blades so that it is sized, notably
by its profile, for the specified maximum thermal power, for
example, the higher maximum thermal power if the turbine
was previously operating at a lower maximum thermal power
or vice-versa.

This replacement can be effected in the first stages of the
high-pressure module 2. The number of sets 2A of fixed
blades to be replaced can be a function of the difference
between the first maximum thermal power and the second
maximum thermal power.

According to one exemplary embodiment, the blades of the
sets replaced can be adjusted. To be more precise, the blades
of'the sets 2A of fixed blades in question can be oriented so as
to increase the steam flow area in the sets 2A of fixed blades
for a higher maximum thermal power, or to decrease the
steam flow area in the sets 2A of fixed blades for a lower
maximum thermal power.

Thus FIGS. 2A and 2B show two possible orientations of a
set 2A of fixed blades sized for the lower maximum thermal
power and FIG. 2C shows one possible orientation of a set 2A
of fixed blades sized for the higher maximum thermal power.
The dimensions are given in centimeters. Note that the set 2A
offixed blades adapted to the higher maximum thermal power
include adjacent blades oriented relative to each other so that
the steam flow area between the two blades is larger (FIG. 2C)
than the steam flow area between the adjacent blades of the set
2A of fixed blades adapted to the lower maximum thermal
power (FIGS. 2A and 2B).

The pressure differences between the inlets and the outlets
of'the sets 2B of moving blades in each high-pressure module
2 and low-pressure module 3 generate a resultant thrust on the
rotor 4. On changing from the first maximum thermal power,
for example, the lower one, to the second maximum thermal
power, for example, the higher one, the sum of these two
thrusts should balance, for example, they should be limited to
a threshold value, so as not to damage the rotor 4.

To this end, and as shown in FIG. 3, which shows a detail
from FIG. 1, steam is routed from a bleed pipe 5 (shown in
FIG. 1) of the high-pressure module 2 to a thrust surface 6 of
the rotor 4 via a pipe 7. The thrust surface 6 can be, for
example, located between the high-pressure module 2 and the
medium-pressure module 3 in the central part of the body in
the case of a combined high-pressure/medium-pressure body.
The thrust surface 6 can be substantially orthogonal to the
axis of the rotor 4 and can be located between an area 4a and

20

25

30

35

40

45

50

55

60

65

6

an area 45 of the rotor 4 delimiting the high-pressure module
2 from the medium-pressure module 3, the area 45 being an
area of the rotor 4 of greater diameter than the area 4a. Thus,
the thrust surface 6 is subjected to the pressure of ableed from
the high-pressure module 2, which can make it possible to
limit the resulting thrust on the rotor 4.

The steam leaving the pipe 7 is then directed toward a
chamber 8 while a chamber 9 collects the steam and limits
steam leaks.

Thus, it will be appreciated by those skilled in the art that
the present invention can be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restricted.
The scope of the invention is indicated by the appended
claims rather than the foregoing description and all changes
that come within the meaning and range and equivalence
thereof are intended to be embraced therein.

What is claimed is:

1. A method of modifying a steam turbine, to enable the
turbine to be adapted to change from a first maximum thermal
power of a steam generator that generate steams to a second
maximum thermal power of the steam generator different
than the first maximum thermal power, the turbine including
a high-pressure module having at least one set of fixed blades
and a rotor supporting at least one set of moving blades, the
method comprising:

replacing, in the high-pressure module, at least one first set
of fixed blades sized for the first maximum thermal
power by at least one second set of fixed blades sized for
the second maximum thermal power; and

sizing the at least one set of moving blades to operate at the
first and second maximum thermal powers, the rotor and
the at least one set of moving blades of the high-pressure
module remaining unchanged on changing from the first
maximum thermal power to the second maximum ther-
mal power.

2. The method according to claim 1, comprising:

sizing the at least one set of moving blades to withstand
mechanical stresses associated with the first and second
maximum thermal powers so that, for each stage of the
high-pressure module, a combination of the set of mov-
ing blades and the second set of fixed blades will be
thermo-aerodynamically adapted to the first and second
maximum thermal powers.

3. The method according to claim 1, wherein each second
set of fixed blades sized for the second maximum thermal
power replacing the first set of fixed blades sized for the first
maximum thermal power comprises:

a set of fixed blades allowing passage of a flow of steam: a)
higher than the first set of fixed blades if the first maxi-
mum thermal power is a lower maximum thermal power
and the second maximum thermal power is a higher
maximum thermal power; or b) lower than the first set of
fixed blades if the first maximum thermal power is a
higher maximum thermal power and the second maxi-
mum thermal power is a lower maximum thermal power.

4. The method according to claim 1, wherein each second
set of fixed blades adapted to the second maximum thermal
power replacing the first set of fixed blades sized for the first
maximum thermal power comprises:

blades oriented relative to each other so that a steam flow
area between two adjacent blades is: a) greater than a
steam flow area between two adjacent blades of the first
set of fixed blades if the first maximum thermal power is
a lower maximum thermal power and the second maxi-
mum thermal power is a higher maximum thermal
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power; or b) less than the steam flow area between two
adjacent blades of the first set of fixed blades if the first
maximum thermal power is a higher maximum thermal
power and the second maximum thermal power is a
lower maximum thermal power.

5. The method according to claim 1, comprising:

coupling a medium-pressure module to the high-pressure
module, the medium-pressure module comprising at
least one set of fixed blades and at least one set of moving
blades attached to the rotor of the high-pressure module;
and

limiting a sum of a) a resultant thrust exerted on the rotor
and generated by a pressure difference between an inlet
and an outlet of each set of moving blades in the high-
pressure module, and b) a resulting thrust exerted on the
rotor and generated by a pressure difference between an
inlet and an outlet of each set of moving blades in the
medium-pressure module.

6. The method according to claim 5, wherein limiting the

sum of the resulting thrusts on the rotor comprises:
injecting steam onto a thrust surface of the rotor substan-
tially orthogonal to an axis of the rotor.

7. The method according to claim 6, wherein the thrust
surface is delimited by a change of diameter of the rotor.

8. The method according to claim 1, wherein the steam
turbine is an impulse turbine.

9. The method according to claim 2, wherein each second
set of fixed blades sized for the second maximum thermal
power replacing the first set of fixed blades sized for the first
maximum thermal power comprises:

a set of fixed blades allowing a passage of a flow of steam:
a) higher than the first set of fixed blades if the first
maximum thermal power is a lower maximum thermal
power and the second maximum thermal power is a
higher maximum thermal power; or b) lower than the
first set of fixed blades if the first maximum thermal
power is a higher maximum thermal power and the sec-
ond maximum thermal power is a lower maximum ther-
mal power.

10. The method according to claim 2, wherein each second
set of fixed blades adapted to the second maximum thermal
power replacing the first set of fixed blades sized for the first
maximum thermal power comprises:

blades oriented relative to each other so that a steam flow
area between two adjacent blades is: a) greater than a
steam flow area between two adjacent blades of the first
set of fixed blades if the first maximum thermal power is
a lower maximum thermal power and the second maxi-
mum thermal power is a higher maximum thermal
power; or b) less than the steam flow area between two
adjacent blades of the first set of fixed blades if the first
maximum thermal power is a higher maximum thermal
power and the second maximum thermal power is a
lower maximum thermal power.

11. The method according to claim 3, wherein each second
set of fixed blades adapted to the second maximum thermal
power replacing the first set of fixed blades sized for the first
maximum thermal power comprises:

blades oriented relative to each other so that a steam flow
area between two adjacent blades is: a) greater than a
steam flow area between two adjacent blades of the first
set of fixed blades if the first maximum thermal power is
a lower maximum thermal power and the second maxi-
mum thermal power is a higher maximum thermal
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power; or b) less than the steam flow area between two
adjacent blades of the first set of fixed blades if the first
maximum thermal power is a higher maximum thermal
power and the second maximum thermal power is a
lower maximum thermal power.

12. The method according to claim 2, comprising:

coupling a medium-pressure module to the high-pressure
module, the medium-pressure module comprising at
least one set of fixed blades and at least one set of moving
blades attached to the rotor of the high-pressure module;
and

limiting the sum of a) a resultant thrust exerted on the rotor
and generated by a pressure difference between an inlet
and an outlet of each set of moving blades in the high-
pressure module, and b) a resulting thrust exerted on the
rotor and generated by a pressure difference between an
inlet and an outlet of each set of moving blades in the
medium-pressure module.

13. The method according to claim 3, comprising:

coupling a medium-pressure module to the high-pressure
module, the medium-pressure module comprising at
least one set of fixed blades and at least one set of moving
blades attached to the rotor of the high-pressure module;
and

limiting the sum of a) a resultant thrust exerted on the rotor
and generated by a pressure difference between an inlet
and an outlet of each set of moving blades in the high-
pressure module, and b) a resulting thrust exerted on the
rotor and generated by a pressure difference between an
inlet and an outlet of each set of moving blades in the
medium-pressure module.

14. The method according to claim 4, comprising:

coupling a medium-pressure module to the high-pressure
module, the medium-pressure module comprising at
least one set of fixed blades and at least one set of moving
blades attached to the rotor of the high-pressure module;
and

limiting the sum of a) a resultant thrust exerted on the rotor
and generated by a pressure difference between an inlet
and an outlet of each set of moving blades in the high-
pressure module, and b) a resulting thrust exerted on the
rotor and generated by a pressure difference between an
inlet and an outlet of each set of moving blades in the
medium-pressure module.

15. Interchangeable turbine blades for installation in a
steam turbine having a first set of fixed blades configured for
a first maximum thermal power of a high-pressure module of
a steam generator, the interchangeable turbine blades com-
prising:

a second set of fixed blades, sized to replace the first set of
fixed blades, but configured for a second maximum ther-
mal power of the steam generator which is different than
the first maximum thermal power;
wherein the second set of fixed blades are sized for

operating in the high-pressure module with a same set
of moving blades on a rotor of the high-pressure mod-
ule as the first set of blades which they are to replace.

16. The interchangeable blades of claim 15, in combination
with:

a steam turbine having a high-pressure module with a rotor
supporting at least one set of mixing blades sized to
operate at both of the specified first and second maxi-
mum thermal powers.
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